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Tém tit

Phuong phap phan tich truc tiép dudc trinh bay trong bai bao dé phuc vu thiét ké cAu kién thép tao hinh ngudi
chiu nén-udn theo Tiéu chuin My AISI S100-16. Pdong thdi, bai bdo ciing gi6i thiéu quy trinh tinh todn ciu
kién thép tao hinh nguoi bang phuong phap cudng do truc tiép (DSM) sit dung phuong phap giai tich va phuong
phép sb bing cach sit dung phan mém CUFSM dé xéc dinh ting sudt mat 6n dinh cia tiét dién. Trong nghién
ctfu ndy, dng x{ két cAu clia cac cAu kién dam-cot chiu tai trong 1&éch tim dudc kho sat duéi tic dung dong thai
clia téi trong doc truc va md men udn theo truc khde va truc yéu (P-M,-M,). Vi vdy, phan mém CUFSM dugc
st dung d€ x4c dinh dang mét &n dinh chi phéi (tic 1a mét 8n dinh tdng thé, cuc bo hoic méo) va kha ning chiu
luc ctia cAu kién thép tao hinh ngudi tiét dién chit C c6 do dai khac nhau chiu nén-udn.

Tir khod: thép tao hinh ngudi; nén-ubn; phuong phap phan tich truc tiép; AISI S100-16.

DETERMINATION OF COLD FORMED STEEL MEMBER UNDER COMPRESSION-BENDING USING
DIRECT ANALYSIS METHOD ACCORDING TO AISI S100-16

Abstract

The Direct Analysis Method is presented in the article to serve the design of cold-formed steel members sub-
jected to compression-bending according to American Standard AISI S100-16. Simultaneously, the article also
introduces the process of calculating cold-formed steel structures by Direct strength method (DSM) using an-
alytical and numerical methods using CUFSM software to determine sectional buckling stresses. In this study,
the structural behaviour of eccentrically loaded beam-column members is investigated under simultaneous ef-
fects of axial loads and strong- and weak-axis bending (P-M,-M,). To this end, CUFSM software is used to
determine the dominant buckling mode (i.e. global, local or distortional buckling) and load carrying capacity
of cold-formed steel channel members with different lengths under compression-bending.

Keywords: cold-formed steel; compression-bending; direct analysis method; AISI S100-16.
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1. Gidi thiéu

Hién nay, két cau thép tao hinh nguoi dang dudc st dung rit phd bién trén thé gidi nhu Chau Au,
My, Uc, ... trong céc cong trinh xdy dung dan dung va cong nghiép nhu nha & thap ting, nha kho, nha
thi dau, ... bdi nhiing uu diém vudt troi nhu trong lugng nhe, dé dang trong san Xuat hang loat, van
chuyén, lap dung, cho phép tao ra nhiéu loai san phdm da dang vé hinh dang va kich thuéc dé dap ting
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nhu cau sit dung. Viéc st dung két cAu thép tao hinh ngudi trong xay dung bat diu tit nim 1850 & ca
Anh va My nhung dudc st dung rong rai tut nam 1960 khi My xay dung hang loat cac cong trinh nhu
viin phong, khéch san, bénh vién, ... Tuy nhién tai Viét Nam, loai két cAu ndy mdi buéc dau dugc ing
dung va nhan dudc su quan tim cla cic nha nghién ciu [1, 2], nha thiét ké thong qua viéc st dung céc
san pham clia cong ty nudc ngoai (Zamil Steel, BlueScope). Ngay ca tiéu chuén thiét ké thép TCVN
5575:2012 [3] hién hanh ciing khong ap dung d€ thiét ké loai két cAu nay ma phai sit dung cic tiéu
chuén nudc ngoai. Nam 1946, My 1a nudc dau tién trén thé gidi ban hanh Quy dinh ky thuat vé thiét
ké két cAu thép tao hinh ngudi mang tén "Specifications for the design of cold formed steel structural
member"ctia Vién Sat va Thép Hoa Ky (AISI). Cac tiéu chuin lién tuc dudc soat xét, chinh sitia va tai
ban. Hién tai, Tiéu chuin AISI S100-16 [4] dudc 4p dung tai My, Canada, Mexico dang st dung dong
thdi hai phuong phép tinh todn 12 phuong phap chiéu rong hitu hiéu (EWM) va phuong phap cudng
do truc tiép (DSM). Trong d6 phuong phap DSM dudc dé xuat bdi Gido su Hancock (Australia); dugc
phat trién, hoan thién bdi Gido su Schafer (M§) va dudc dua vao phan chinh ctia Tiéu chuin AISI
S100-16 [4] va AS/NZS 4600-2018 [5].

Céu kién chiu nén-udn thudng dudc goi la ciu kién dam-cot. Cau kién bi udn do tai trong dit léch
tam, tai trong ngang hoic do tic dung ctia m6 men udn. Nhiing ciu kién nay thudng dudc gip trong
két ciu khung, vi keo, tudng, ... Cdc quy dinh thiét ké ban du ctia AISI cho tiét dién thép thanh mdng
c6 truc dbi xiing don chiu nén-ubn dua trén nghién ctiu mé rong vé mat &n dinh udn-xoin chiu tai
trong léch tAim dudc thuc hién bdi Winter, Pekoz va Celebi [6, 7], ting x{ ctia cot tiét dién chit C chiu
tai trong 1&ch tim dugc nghién ctiu bdi Rhodes, Harvey [8] va Loughlan [9]. Ndm 2007, Tiéu chuin
AISI S100-2007 [10] da st dung phuong phép phén tich dan hoi bic nhét dé tinh todn do bén clia cau
kién chiu tai trong nén doc truc va ubn theo hai phuong, dong thoi cling gi6i thiéu phuong phap phan
tich bac hai 14 phuong phap tiép cin phuong phap phan tich truc tiép nhu mot phuong phép tiiy chon
dé phan tich 6n dinh két ciu. Nam 2016, Tiéu chuin AISI S100-16 [4] dudc théng nhit dua vao ba
phuong phép thiét ké 6n dinh két cAu gdm phuong phép phan tich truc tiép st dung phan tich dan hoi
bac nhit khuéch dai, phuong phap phan tich dan hoi bac hai tudng minh va phuong phap chiéu dai
hitu hiéu. Trong phan tich, tinh todn va thiét ké két cAu dam-cot doi héi khdi lugng tinh todn rit 16n
do c6 su tuong tac giita tai trong doc truc va md men udn. Hién tai, Tiéu chuin My AISI S100-16 [4]
va Tiéu chuian Uc AS/NZS 4600-2018 [5] dang sit dung phuong trinh tuong tic tuyén tinh dé két hop
tai trong doc truc vd md men udn tic dung 1én cu kién dim-cot c6 ké dén su 1am viéc phi tuyén clia
hé két cAu thong qua cac hé s khuéch dai.

Phuong phap phan tich truc tiép dudc trinh biy trong bai bdo dé phuc vu thiét ké cAu kién thép tao
hinh ngudi chiu nén-udn 1a phuong phap két hop st dung phan tich dan hoi bac nhét khuéch dai két
hop vé6i phuong phap cudng do truc tiép theo Tiéu chudn My AISI S100-16 [4]. Quy trinh tinh toan
dugc hd trg bdi phan mém phan tich 6n dinh dan hdi CUFSM.

St dung phuong phdp va quy trinh tinh todn dudc gidi thiéu d€ tinh todn cho cAu kién thép tao
hinh ngudi c6 tiét dién chit C chiu nén-udén. Pdng thdi khao sét su tuong tic giita cac dang mét 6n
dinh 4nh hudng dén kha niing chiu luc ctia cAu kién.
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2. Phuong phap tinh toan ciu kién chiu nén-uén
2.1. Phuong phdp phdn tich truc tiép sit dung phdn tich dan héi bdc nhdt khuéch dai

Noi Iuc (M, P) khi k& dén hiéu tng bac hai ctia tit ca cac ciu kién dudc xdc dinh theo Muc C1.2.1.1
[4] nhu sau:

M = BiM,, + BoM,, (1)
P=P,+BP, (2)
Bi = Cp/(1 = aP/Pe) > 1,0 3)
Cn=0,6-04(M;/My) 4)
Po = ks /(K L)? (5)
By = 1/[1 = (@Psiory/ Pe,siory)] > 1,0 (6)
Pe siory = RyHF [Ap (7)
Ry = 1,0 = 0,15(Pyr/ Psiory) (8)

trong d6 M 12 m6 men k& dén hiéu tng bac hai; B; 1a hé sb ké dén hiéu tng P-6; B, 1a hé sb ké dén
hiéu tng P-A; M,, 1a md men tif phan tich dan hdi bac nhét khi két cAu bi han ché dich chuyén ngang;
M, 12 md men tit phan tich dan hdi bic nhét chi do dich chuyén ngang ctia két ciu; P 1a luc doc ké dén
hiéu tng béc hai; P, 1a Iuc doc truc tit phan tich dan hoi bac nhét khi két cAu bi han ché dich chuyén
ngang; P, 1a luc doc truc tit phan tich dan hdi bac nhit chi do dich chuyén ngang ctia két ciu; C,, 1a
hé sb gia dinh khi khung khong c6 dich chuyén ngang; @ = 1,00 (LRFD hoic LSD) hoic @ = 1,6
(ASD); M va M5 1an lugt 12 m6 men nho hon va 16n hon tuong ting & hai dau ciu kién dudc x4c dinh
tif phan tich dan hdi bac nhit; P, 1a luc t6i han mét 6n dinh dan hdi cda cu kién trong mit phang
udn; ky la do cing chdng uén trong mit phang udn hiéu chinh; K; 1a hé s6 chiéu dai hiéu dung; L 1a
chiéu dai khong gidng ctia ciu kién; ﬁsmry la tdng tai trong thing diing cta tang; P, story 12 tai trong
t6i han gdy mit 6n dinh dan hdi clia tang theo hudng dich chuyén dang xét; H 1a chidu cao tang; F la
luc cat tang theo hudng dich chuyén dang xét dudc tao ra bdi cac luc ngang; Ar 1a chuyén vi ngang
giifa cdc tang tif phan tich dan hdi bac nhit theo hudng dich chuyén dudc xét dén do luc cit ting tao
ra; Py, s 12 tong téi trong thang ditng trong cac cot clia ting dang xét.

Do bén tinh todn cla ciu kién dudc xic dinh theo cic quy dinh clia ting ciu kién trong ting
truong hop tai trong riéng biét ma khong cin xét thém vé su 6n dinh tdng thé ctia hé két cAu.

2.2. Phuwong phdp cuong dé truc tiép

Phuong phép Cudng do truc tiép (DSM) la phuong phdp thay thé dugc dé cap trong Tiéu chuin
AISI S100-16 [4] va cling 12 mot phuong phap thuc nghiém. Phuong phdp nay dudc phat tri€n vao
nhitng nim 1990 nhim muc dich khic phuc nhiing han ché ctia phuong phdp EWM. Hancock va cs.
[11] da dé xuit phuong phap thiét ké mét 6n dinh méo ctia tiét dién thép tao hinh ngudi, sau dé dudc
phat trién va hoan thién béi Schafer va Pekoz [12-14]. Khac v6i phuong phap EWM, DSM dua trén
ting xi ctia toan bd cAu kién thay vi ting x{ clia tiét dién. Pau vao ctia DSM 12 tai trong gy méit 6n
dinh dan hdi va gi6i han chay déo clia vt liéu. Cic dang méit &n dinh tuong ting v6i do manh danh
nghia ctia tiét dién, phu thudc vio ting suit mét 6n dinh tuyén tinh va gi6i han chdy ctia vat liéu.

Po manh mét 6n dinh téng thé:
Ae = \[Fy/Fcre (9)
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/1[ = "Fy/Fcrl (10)
Ag = \[Fy/Fcrd (11)

trong d6 F) 12 gidi han chay; Fye, Fen V2 Fepq tuong tng 12 Ging sudt mat 6n dinh tSng thé, ding sult
mét 6n dinh cuc bo va ting sudt mit 6n dinh méo. Do manh danh nghia dugc st dung truc tiép dé
tinh todn cudng dd mat 6n dinh theo céc cong thic trong Tiéu chuin AISI S100-16 [4]. Phuong phap
DSM da thé hién nhiéu uu diém so véi phuong phap EWM [15], cho phép xac dinh khé ning chiu luc
ctia cAu kién mot cach don gidn dic biét cho cic tiét dién c6 hinh dang phiic tap hay c6 nhiéu sudn
tang cling. Mit khéc, n6 ké dén su tuong tic gilta cac phan ti tim phéng trong phan tich mit 6n dinh
tuyén tinh nhd gidi phap s6 ma phuong phap EWM khong thé xét dén. DSM dugc hiéu chuin dé ap
dung cho céc tiét dién nhét dinh. Do d6, Tiéu chudn My AISI S100-16 dua ra mot danh muc céc gidi
han vé hinh hoc va vat liéu nhu dudc chi ra & Bang B4.1-1 [4]. Danh muc nay 13 mot sy han ché cho
phuong phap DSM, nhung né 1a ban chit ctia phuong phéap thuc nghiém. Sy phit trién ctia phuong
phiap DSM dudc d4nh gid qua sd luong cic bai bdo nghién cifu trén tap chi Scopus trong thdi gian tit
nam 1998+2017 [16].

D6 manh mat 6n dinh cuc bo:

Po manh mét 6n dinh méo:
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Hinh 1. Céc nghién cifu vé két cAu thép tao hinh ngudi trén tap chi Scopus

a. Cau kién chiu nén

Do bén doc truc tiéu chuin ctia cAu kién chiu nén c6 tiét dién khong gidm yéu 12 gid tri nhé nhit
ctia d6 bén doc truc tiéu chudn mét 6n dinh téng thé (P,.), dd bén doc truc tiéu chuin méit 6n dinh
cuc bd (P,;) va do bén doc truc tiéu chuidn mét dn dinh méo (P,y); dudc xac dinh theo Muc E2 dén
Muc E4 Tiéu chuan AISI S100-16 [4].

- Do bén doc truc tiéu chuin mat 6n dinh tdng thé:

Ppe = Aan (12)
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trong d6 A, la tong dién tich cla tiét dién; F,, 1a uing sult nén.

F, = (0,658%)F,; véiA, <1,5; (13)
0.877 .
F, = (T)Fy; Vi A, > 1.5 (14)
C

- Do bén doc truc tiéu chuin mat &n dinh cuc bo:

Py = Ppe; voi 4; < 0,776 (15)

0,4
Pcrl )

P =
nl Pne

04
Pe\” .
( ") P,.. V&l >0,776 (16)

1- 0,15(
Ppe

trong d6 P, 1a 6 bén doc truc tiéu chuin mat tdng thé; P, 14 tai trong giy mat &n dinh cuc bo &
trang thdi dan hdi dugc xac dinh theo Phu luc 2 Tiéu chuin AISI S100-16 [4].
- Do bén doc truc tiéu chuin mét 6n dinh méo:

P,q = Py; véi Ay < 0,561 17)
0,6 0,6
Pera\ | (Pera) .
Pu =1~ 0,25( crd ) ( ’d) Py, V6idg > 0,561 (18)
Py P)’
Py = A,F, (19)

trong d6 P, 12 tai trong gAy mat 6n dinh méo & trang thai dan hdi dugc x4c dinh theo Phu luc 2 Tiéu
chuin AISI S100-16 [4]. C4c bién khic dudc dinh nghia & phan trén.

- Do bén doc truc tinh todn 14 ¢.P,, hoic P,/Q. v6i hé s6 ¢. = 0,85 (LRFD) ¢. = 0,8 (LSD) hoic
Q. = 1,80 (ASD).

b. Céu kién chiu uén

Do bén udn tidu chuin cla cau kién chiu ubn c6 tiét dién khong giam yéu 1a gi tri nhd nhét clia
dd bén udn tiéu chuin mét &n dinh téng thé (M,,.), d6 bén ubn tiéu chuin mit 6n dinh cuc bd (M) va
dd bén udn tiéu chuin méit &n dinh méo (M,); dudc xic dinh theo Muc F2 dén Muc F4 Tiéu chuin
AISI S100-16 [4].

- P06 bén ubn tiéu chuin mét &n dinh tdng thé:

My, =S¢F, <My, M,=S;F, (20)
trong d6 S ¢ 1a md dun dan hdi clia toan b tiét dién khong gidm yéu ddi véi thé bién chiu nén; S g,

12 md dun dan hoi clia toan bo tiét dién khong gidm yéu ddi véi thd bién tai ing sut chdy; F, 1a gidi
han chéy ctia vat liéu; F,, 12 (ing suit ti han.

F,=Fy; VOi Fere > 278F, (21
10 10F, o
F, = 5 Fy|1- E_ |} Vi 2,78Fy > Fere > 0,56F), (22)
cre
Fn = Fcre; v6i Fcre < 0,56Fy (23)

trong d6 F,,. 12 ting sudt mét 6n dinh ngang—xo.‘fln dan hdi dugc xdc dinh theo Muc F2.1.1 dén Muc
F2.1.5 hoic Phu luc 2 ctia Tiéu chuan AISI S100-16 [4].
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- P bén udn tiéu chuidn mat &n dinh cuc bo:

My = Mye; véi 4 < 0,776 (24)

04 0.4
Mcrl ' Mcrl ' 42
M, =|1-0,15— M., véid; > 0,776 25
nl { (Mne) :l(Mne) ne VO1 4y ( )
trong d6 M, 1a d6 bén udn tiéu chuin méit &n dinh tdng thé nhu dudc chi ra & cong thiic (19); M.,
12 do bén udén udn mat dn dinh cuc bod & trang thdi dan hdi dudc xic dinh theo Phu luc 2 Tiéu chuin
AISI S100-16 [4].
- P bén udn tiéu chuidn mit n dinh méo

M,y = My, v6i 1y < 0,673 (26)
0,5 0,5
Mo\ Mg\
My = |1 - 0,20 =<4 ) My v6i Ay > 0,673 27)
M, M,
Ag = \[My/Mcrd; My = SfyFy; Merg = Schrd (28)

trong d6 F,4 12 ting sudt mét 6n dinh méo dudc xic dinh theo Phu luc 2 Tiéu chuin AISI S100-16
[4]. Céc bién khic dugc dinh nghia & phan trén.

- Do bén ubn tinh todn 1a ¢, M, hoic M, /Q;, v6i hé s6 ¢, = 0,90 (LRFD, LSD) hoic Q, = 1,67
(ASD).

c. Chu kién chiu tac dung ctia t& hop tai trong nén doc truc va ubn
Céu kién phai théa min phuong trinh sau:
M, M,

+ +

<10 (29)

S
<
<

ax ay

trong d6 P 1a luc doc; M, My 12 md men; P, la d6 bén doc truc tinh todn va M,,, My 1a do bén ubn
tinh toan dudc xac dinh theo Muc 2.2(a) va (b).

3. Phan mém CUFSM

Phuong phap dai hitu han (Finite Strip Method - FSM) 1la mét trudng hgp déc biét cia phuong
phép s6 dugc sang tao bdi Cheung [17], Cheung da st dung 1y thuyét tAm Kirchhoff dé xay dung cic
dai hitu han. Day 12 mot phuong phép rat hiéu qua va phd bién d€ phan tich &n dinh dan hdi cho ciu
kién thép tao hinh nguoi. AISI da tai tr¢ d€ phat trién phuong phap nay. Két qua 1a su ra ddi ctia pham
mém CUFSM véi viéc ding phuong phdp FSM dé phan tich 6n dinh dan hoi cho tiét dién bat ky.
CUFSM khao sét dugc cu kién chiu nén, udn, ... tg nhan biét cic dang mit 6n dinh tdng thé, mét &n
dinh cuc bd, mét 6n dinh méo va cic trudng hop dic biét khic. Phan mém CUFSM dua ra két qui
phén tich mét 6n dinh ctia tiét dién dudi dang 12 mdt dudng cong “Signature” thé hién dudc mbi quan
hé giita (ing suit mat 6n dinh va chiéu dai nita buc séng ciia cac dang mit &n dinh. V6i mdi tiét dién
cho mot dudng cong riéng biét dic trung. Gia tri ting suat mat 6n dinh cuc bo va mét n dinh méo tir
phan mém CUFSM dugc ding dé€ xac dinh kha ning chiu luc clia cdu kién thép tao hinh ngudi bang
phuong phip Cudng do truc tiép nhu trinh bay & phan trén.
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4. Khao sat cau kién thép tao hinh nguéi chiu nén-uon
4.1. Xdc dinh khd ndng chiu luc cia cdu kién tiét dién chit C chiu nén-udn

X4c dinh kha ning chiu luc ctia cAu kién thép tao hinh ngudi tiét dién C20024 [18] c¢6 hai dau lién
két khdp d6i v6i ca udn va xoan, chiu dai 3,0 m chiu tai trong nén léch tim & hai diu c6 do 1éch tim
theo hai phucng (theo phudng truc x 1a e, = =5 cm; theo phuong truc y la ey, = 5 cm) (F, = 345 MPa).

X |y P P
i e
’
A =203 (mm) |
B =76 (mm) Tam cat ‘ ‘Trong tam
{
C =21 (mm) S . x|y _
t =24 (mm) | L=
R =5 (mm) ‘ "
E =203000 (MPa) o
G =78076,92 (MPa) .
=03 ¥ L)
. Y
S
Hinh 2. Dic trung tiét dién chit C Hinh 3. So do két cdu

a. Dic trung tiét dién

Bang 1. Pic trung hinh hoc ctia tiét dién C20024 [18]

Mo men quan M0 dun chéng  Bén kinh quan

Kich thud ) Hing s6 xoi Hing s6 :
1 ¢ (mm) Ag tinh (10° mm*) %0 uén (10> mm®) tinh (mm) ang SO xo4n fng fo J
(mm?) (mm) St. Venant xoan vénh (mm)
A B C t I, I Sy Sy Iy ry Jmm*) G, (10 mm®)
203 76 21 24 9040 569 0,681 544 56,0 12,7 793 274 1740 5540 114,28

b. Tai trong doc truc va md men ubn

Goi P 1a tai trong doc truc can dugc xac dinh (don vi N); Gia tri do 16n md men ubn do tdi trong
doc truc dat Iéch tam gly ra M, = P.e, = 50P (Nmm), M, = P.e, = 50P (Nmm).
c. Do bén nén tiéu chuin cia ciu kién chiu nén

- P06 bén nén tiéu chuin mat 6n dinh tng thé:

Ung suat mét 6n dinh uén dan hoi:

n*E
Fere1 = — = 167,700 (MPa) 30)
(KL/r)

Ung suit mét 6n dinh udn-xoan dan hoi:

1

Feren = %

[((rw +o) - \/(aex +01)% = 4B0 oy, | = 146,304 (MPa) (31)
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B n’E
- 2
(KxLy /1)

ro = Jri +r3 + x5 = 100,034 (mm) (33)

1 2EC
A2 [G + = 5
Agro (KILI)

Fere = min(Ferer; Feren) = 146,304 (MPa);  Ac = |Fy/Fepre = 1,536 > 1,50

= 1401,190 (MPa); v6i 8 = 1 — (xo/r0)* = 0,702 (32)

Tex

gt

] = 151,348 (MPa) (34)

0,877
F, = (7) Fy, =128,309 (MPa); P,. = AgF, = 115991 (N)
- Do bén nén tiéu chudn mat 6n dinh cuc bo:

Phuong phép giai tich: dugc xac dinh theo [10] nhu sau:

F k rE ( t)z 831,380 (MPa); véi k 4,2615
r_f 1 = ke ————=(=] =83l, S VO ky g =4,
crl_f_l f_l 12(1 —ﬂz) b f_l
m’E (12
Fcrlﬁffw = kfw12(1——u2)(5) = 139,757 (MPa), véi kaV = 0,7164

Fer = min(Fcrlj—l; Fcrlj_w) = 139,757 (MPa)

Dang mit 6o cia fiét
(Chiéu i bue song mit én Gjnh =600 (mm) Vg suit mt én dinh méo Ferd

uuuuu

5w

Chibu dai buoe song (mm) “r s 1o 1 Chiku ddi busde song (am) 10"

Hinh 4. Ung suét mét on dinh cuc bd Hinh 5. Ung suit mét 6n dinh méo

Phuong phap s6: Stt dung phan mém CUFSM, két qua nhu Hinh 4.

Ung suAt mét 6n dinh cuc bd F.,; = 161,05 (MPa) Ta thiy sai 1éch vé két qua tinh todn ng suét
mét 6n dinh cuc bd gitta phuong phap giai tich so véi phuong phap s 13 13,22%, do vay ta st dung
két qua tinh todn ctia phuong phap s6 12 ddm bao do tin cay.

Perp = AgFerp = 145589 (N);  Aj = +/Ppe/Pcer = 0,893 > 0,776, P, = 106162 (N)

- P06 bén nén tiéu chuidn méit 6n dinh méo:
Phuong phap giai tich: Pac trung hinh hoc cua canh nén dude xac dinh theo [19] (Hinh 6)
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"

Hinh 6. Kich thuée hinh hoc cta canh

ho =203 (mm); by =76 (mm); dy=21(mm); h=200,6(mm);
b=73,6(mm); d=19,8(mm); Ap=224,16 (mmz)

Ly =5,307.10° (mm*); Iy = 1,304.10° (mm*); I, = 1,364.10* (mm*);
Xor = 28,999 (mm); y,r =—-2,099 (mm); hyr = —44,601 (mm);

Jr = 430,387 (mm*);  C,r = 0 (mm®)

1/4
6mtho(1 — 12 2
Lera = # Lep(xof = hef)* + Chop — _}f(xOf — hyyp)? (35)
t Iyy
Lera = 636,544 (mm) = L = L, = Leyg = 636,544 (mm)
4 2
ose = (7) |Elustror = hap® + ECyy - E= Los (o = oy’ +(3) 61r=33501000  36)
EP
ke = ———— = 2,532.10° (N) (37)
6ho(1 — u?)

- 2
koo = (L) {Afl(x,,f hg) (I—f) = 2907 (Xor — hxf)( Iy )+h2 + Yoy +1xf+1yf}= 14,692 (mm?*) (38)

— m\2th}
Ko = ( ) o = 81501 (mm?) (39)

k¢, fe t k¢we + k¢

Ferg = = 257,508 (MPa) (40)

kofo + kowg

- Phu’dng phap s6: St dung phan mém CUFSM két qué trén Hinh 5.

Ung sudt mat 6n dinh méo F.,q = 244,980 (MPa). Ta thiy sai léch vé két qua tinh toan dng suét
mét dn dinh méo gitta phuong phap giai tich so v6i phuong phép s 1a 5,11%, do vay ta sit dung két
qua tinh toan ctia phuong phép s 1a ddm bao do tin cay.

Ad = |Py/Pera = 1,187 > 0,561;  P,q = 202264 (N)
- Do bén nén tiéu chuin cia cau kién chiu nén:

P, = min(Py,, Pny, Prg) = 106162 (MPa)
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d. Do bén udn tiéu chuin clia ciu kién chiu uén quanh truc x
- D6 bén ubn tiéu chuidn mét &n dinh tng thé:
Ung suit mét 6n dinh tSng thé:

CbroA
Fcrel =

T o0, = 257,27 (MPa) (41)

trong d6 Cj, =1,0; ro=100,034 (mm); A, =904,0 (mmz); S =8 =56000 (mm3); ey = 167,70 (MPa);
o, = 151,348 (MPa);
F, = 240,540 (MPa); M,,, = S /F, = 13470249 (MPa)
- P bén udn tiéu chuidn mat &n dinh cuc bo:

Phuong phap giai tich: dugc xdc dinh theo [20] nhu sau:

n2E t\2
Ferp1=kypi (—) = 838,650 (MPa); véi k; ; = 4,299

12(1 —2)\b

Furt p o = kg ( ):709,084MP . \VGi k) = 3,635
Lf r 12(1 \b (MPa); voi ky_

Fer = min(FcrlJ'_lv crlj;w) = 709,084 (MPa)

Phuong phap s6: Stt dung phan mém CUFSM két qua nhu Hinh 7.

Chidu dii buo n dinh = 100 () U

Hinh 7. Ung suit mit 6n dinh cuc bd Hinh 8. Ung suit mit 6n dinh méo
Ung sut mit 6n dinh cuc b F,; = 754,543 (MPa). Ta thiy sai léch vé két qua tinh toan ing suit

mét &n dinh cuc bd giita phuong phdp gidi tich so v6i phuong phap sb 12 6,02%, do vy ta st dung két
qua tinh toan ctia phuong phép s 1a ddm bao do tin cay.

My = S (F oy = 42254240 (N)
A = Mo/ Moy = 0,565 < 0,776; My = My, = 13470249 (Nmm)

- D6 bén ubn tiéu chuin méat 6n dinh méo:
Phuong phap giai tich: Tuong tu cAu kién chiu nén ta c6 két qua sau:

L=Ly= Loy =575484(mm);  kgpe = 4,791.10° (N);  kpye = 4,298.10° (N);
kofe = 17,975(mm);  kpue = 1,695 (mm);  Ferg = 462,079 (Nmm)
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- Phuong phép s6: St dung phan mém CUFSM, két qué trén Hinh 8.

Ung sudt mit 6n dinh méo: F,4 = 520,570 (Nmm).

Ta thiy sai 1éch vé két qua tinh toan ting suit mit 6n dinh méo giita phuong phap giai tich so véi
phuong phap sb 1a 11,31%, do viy ta sit dung két qua tinh toan ctia phuong phap s6 1a ddm bao do
tin cay.

Mera = S tFerg = 29151920 (Nmm)
Ag = [My/Merg = 0.814 > 0,673, Myg = 17318731 (Nmm)
- Do bén udn tiéu chuin ctia ciu kién chiu udn:
M, = min(M,., M,;, M,,;) = 13470249 (Nmm)
e. Do bén ubn tidu chuin ciia ciu kién chiu udn quanh truc y

- P06 bén udn tiéu chuin mét &n dinh tdng thé:
Ung suit mét 6n dinh ngang-xoan dan hoi:

Fopo = M
CTFSf

jH+Cor| 2+ 1 (2)} — 1865,137 (MPa) (42)

ex

trong d6 Cy = —1,0; Crr = 1,0; Ag = 904,214(mm2); 0o = 1401,190 MPa); o, = 151,348 (MPa);
ro = 100,034 (mm); Sy = S, = 12700 (mm3);

F, = 304,147 (MPa); M,, =S sF, = 3862673 (MPa)

- b6 bén udn tiéu chuin mat dn dinh cuc
bd: st dung phuong phap sb. Phan mém CUFSM
cho két qua trén Hinh 9: F.,; = 411,849 (MPa);
My = Schrl = 5230482 (N); 4 = VMne/Mcrl =

0,859 > 0,776; My = 3622215 (Nmm) | e EEEEREEEETT e
Két qua tinh toan bang phin mém CUFSM cho wl \ o ]

thiy dudng cong chit ky chi nhin dang mot diém D 1

cuc tri tuong Ging véi gid tri Gng sudt mat 6n dinh \—/j

cuc b, nén ta khdng can xét dén trudng hop méat . ‘

én dinh méo. " nam ©
- P bén udn tiéu chudn ctia ciu kién chiu ubn Hinh 9. Ung suét mét én dinh cuc bo

quanh tryc y
My = min(Mye, Myy) = 3622215 (Nmm)
f. Xac dinh kha niing chiu luc ctia ciu kién

Gia thiét cot khong cho phép ¢6 chuyén vi theo phucng ngang tai céc gbi d6 nén hé s6 B, = 1.
Ngoaira, P, =0va My, =0.
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M
P=Pu=P;, My,=My=50P;, C,=06- 04(M1)—1,0;
2

P, = ks /(K1 L)* = 151600 (N) V6i ks, = ElL, Ki = 1,0 va L = 3000 (mm)
Pe,y = mkysy /(K1 L)? = 1266676 (N) véi kg = EI, Ki = 1,0 va L = 3000 (mm)

g Cn  _ 1,0 R 1.0
YT 1 —aP/Pa,  1-LOP/151600° VT 1 _4p/p,, 1- L6.P/1266676
My = BixMy = 50P; My = BlyMnty = 50P

1-1,6.P/151400 1-1,6.P/1266676

- Kiém tra tuong tdc dAm-cdt theo phuong trinh:
P/Py+ M/ Max + My/May < 1,0

Py = Py/Qe = 58979 (N); My = My /Qp = 8066017 (Nmm) (ASD [4])
M,y = M,y/Qp = 2168991 (Nmm) (ASD [4])

Thay vao phuong trinh tuong tac ta c6 nghiém P = 19116 (N)
- Kiém tra dAm-cot tai cac diém giang sit dung tai trong P = 19116 (N).
P = 19116 (N); Myyx = My = 995800 (Nmm); Py, = AgFy = 311880 (N)
Ta ¢6 P/Puy + My/ Mgy + My/ M,y = 0,620 < 1,0 do vay tai cdc diém gidng ddm bio kha ning
chiu luc. Do d6 kha ning chiu luc ctia cAu kién 1a P = 19116 (N).
4.2. Khdo sdt khd ndng chiu luc cia cdu kién chiu nén-udn

a. Trudng hop thay ddi vi tri dit tai trong nén doc truc

z . 180° o
ex P ou=u-=96 125 165
DA \ ’ % 210\ [ 150°
P ‘\IL & y ‘ \ /
S 5 N ' 135°
L 25 y--
~ 240 _,"‘ } \ v A . . (': 120°
- S~ ~ \\, ) 44 /
X y R X o
iy \ ¥ \'\ { ‘/‘ _105
S ®
R | ~:\ L “‘/ o )
270° P i DT Ay 90°
10x10man=100men ‘.J

(a)

P u=u =6, (b) _I

(a) Vi tri téi trong 1&ch tim va (b) Vi tri dat tai
diéu kién bién ctia mo hinh

Hinh 10. M6 hinh kh#o sét cAu kién chiu nén - uén
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Ta xét bai toan véi ciu kién chiu nén léch tam theo 2 phuong truc x va y véi do léch tAm tuong
ting 12 ey, ey; cAu kién c6 hai dau lién két khép don gian, chiéu dai L = 3,0 (m) (u, = u, = 6,). Tu
Hinh 10(b), ta xdc dinh vi tri clia cac diém dit lyc tap trung va do 1éch tdm d cia vi tri dit luc tap
trung so vé6i trong tim cta tiét dién. Két qua tinh toan dugc thé hién & Bang 2 va 3.

Béng 2. Vi tri dit luc va do 1éch tAm cda diém dit luc

Gée Huéng Do 1éch tam e (mm)
@)  lgchtam el e e es es €6 e7 es e el
90° ey 10 20 30 40 50 60 70 80 90 100
ey 0 0 0 0 0 0 0 0 0 0
105° ey 9,66 19,32 28,98 38,64 48,30 57,96 67,61 77,27 86,93 96,59
ey 2,59 5,18 7,76 10,35 12,94 15,53 18,12 20,71 23,29 25,88
120° ey 8,66 17,32 25,98 34,64 43,30 51,96 60,62 69,28 77,94 86,60
ey 5,00 10,00 15,00 20,00 25,00 30,00 35,00 40,00 45,00 50,00
135° ey 7,07 14,14 21,21 28,28 35,36 42,43 49,50 56,57 63,64 70,71
ey 7,07 14,14 21,21 28,28 35,36 42,43 49,50 56,57 63,64 70,71
150° ey 5,00 10,00 15,00 20,00 25,00 30,00 35,00 40,00 45,00 50,00
ey 8,66 17,32 25,98 34,64 43,30 51,96 60,62 69,28 77,94 86,60
165° ey 2,59 5,18 7,76 10,35 12,94 15,53 18,12 20,71 23,29 25,88
ey 9,66 19,32 28,98 38,64 48,30 57,96 67,61 77,27 86,93 96,59
180° ey 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
ey 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00 100,00
195° ey -2,59 -5,18 -7,76 -10,35 -12,94 -15,53 -18,12 -20,71 -23,29 -25,88
ey 9,66 19,32 28,98 38,64 48,30 57,96 67,61 77,27 86,93 96,59
210° ey -5,00 -10,00 -15,00 -20,00 -25,00 -30,00 -35,00 -40,00 —45,00 -50,00
ey 8,66 17,32 25,98 34,64 43,30 51,96 60,62 69,28 77,94 86,60
225° ey -7,07 -14,14 -21,21 -28,28 -35,36 —42,43 —49,50 -56,57 —63,64 -70,71
ey 7,07 14,14 21,21 28,28 35,36 42,43 49,50 56,57 63,64 70,71
240° ey -8,66 -17,32 -25,98 —34,64 —43,30 -51,96 -60,62 —-69,28 -717,94 -86,60
ey 5,00 10,00 15,00 20,00 25,00 30,00 35,00 40,00 45,00 50,00
255° ey -9,66 -19,32 -28,98 —38,64 —48,30 -57,96 -67,61 -717,27 -86,93 -96,59
ey 2,59 5,18 7,76 10,35 12,94 15,53 18,12 20,71 23,29 25,88
270° ey -10,00 -20,00 -30,00 —40,00 -50,00 -60,00 -70,00 -80,00 -90,00 —-100,00
ey 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Bang 3. Kha niing chiu luc ctia cAu kién dai 3,0 m

d Kha niing chiu luc cu kién (N)

(mm) 9=90° 9=105° 6=120° §=135° 9=150° 6=165 6=180° 9=195° 0=210° §=225° §=240° 0=255 6=270°

10 40,276 40,170 40,752 42,084 44,305 47,699 52,949 47,410 43869 41,562 40,174 39,556 39,641
20 32,845 32,656 33,277 34,806 37,489 41,891 49,695 41,150 36,943 34,180 32,600 31,943 32,104
30 28,092 27,855 28,453 30,001 32,801 37,590 46,798 37,149 32219 29,350 27,759 27,125 27,329
40 24,683 24,418 24982 26,493 29,287 34207 44,212 33,7745 28,697 25,844 24,295 23,698 23,927
50 22,079 21,799 22,327 23,784 26,521 31,446 41,891 30,977 25936 23,149 21,660 21,101 21,343
60 20,010 19,722 20,216 21,612 24,270 29,137 39,800 28,668 23,696 20,996 19,572 19,048 19,297
70 18,317 18,027 18,490 19,825 22,394 27,168 37,907 26,704 21,835 19,230 17,871 17,379 17,630
80 16,902 16,612 17,047 18,324 20,802 25,464 36,186 25,008 20,259 17,750 16,453 15,990 16,240
90 15,699 15411 15,822 17,042 19,432 23973 34,614 23,525 18905 16,490 15251 14,814 15,062
100 14,662 14,378 14,7766 15,935 18,237 22,655 33,174 22,217 17,727 15403 14,218 13,805 14,049

96



Anh, V. Q., Toan, H. A./ Tap chi Khoa hoc Cong nghé Xay dung
Két qui dudc thé hién trén biéu do trén Hinh 11.

80.000

——6=90
0000 == ——6=105
\\ =120
60.000 6=135
% \\ —6=150
2 50000 R ~_] 165
g N \ M~ — =180
2 40000 e SIps =
= \ B \\ - - -8=195
= <
Z S o
3 10000 ~ \\\ s S— =210
2 3 e —
g == =225
£ SN e S
] e —
= S —— — ] =240
Z 20000 e [
——— 6=255
- - 6=27
10.000 6=270

10 20 30 40 50 60 70 80 90 100

Do lch tdm theo hudng cia goc 6 (mm)

Hinh 11. Kha niing chiu luc cAu kién chiu nén-udn c6 chidu dai L =3 m

Nhan xét: Khi d6 léch tam cang 16n thi kha ning chiu luc ctia ciu kién cang giam do md men
dugc tao ra béi tai trong 1éch tAm cang 16n. Mit khac kha niing chiu luc cta ciu kién chiu nén léch
tAm tao ra md men giy nén ban mép cao hon trung binh 1,03 1an khi md men giy kéo ban mép ctia
tiét dién va dat gia tri 16n nhit khi tai trong truc chi gy ra md men ubn dbi véi truc khode (truc x).

b. Trudng hop thay ddi do dai ciu kién

Bang 4. Kha ning chiu luc ctia cAu kién dai 1,0 m

d Kha niing chiu luc ciu kién (N)
(mm) g_9p° g=105° §=120° 6=135° 0=150° =165 6=180° 6=195° 9=210° 6=225° G=240° =255 §=270°

10 73,483 727754 73,522 75822 79,770 85,559 93,447 84,363 77,782 73,301 70,634 69,608 70,161
20 56,880 56,045 56,990 59,821 64,891 72,890 85,038 71,180 62,310 56,751 53,602 52,406 53,005
30 46,413 45,602 46,561 49,441 54,752 63,573 78,119 61,641 52,029 46,338 43,217 42,043 42,606
40 39,205 38,449 39371 42,149 47,380 56411 72,306 54,396 44,684 39,169 36,213 35,109 35,623
50 33938 33239 34,110 36,740 41,770 50,722 67,341 48,696 39,167 33,927 31,167 30,142 30,609
60 29,920 29,274 30,092 32,565 37,356 46,089 63,043 44,090 34,868 29,926 27,358 26,407 26,833
70 26,754 26,156 26,923 29,244 33,789 42,240 59,282 40,287 31,423 26,771 24,379 23,497 23,887
80 24,193 23,639 24,358 26,540 30,846 38,990 55960 37,092 28,559 24219 22,186 21,165 21,525
90 22,081 21,564 22,240 24,294 28,377 36,208 53,002 34,371 26,243 22,112 20,021 19,254 19,587
100 20,308 19,824 20461 22,399 26,275 33,799 50,350 32,023 24,246 20,342 18,379 17,660 17,970

Bang 5. Khé niing chiu luc ctia cAu kién dai 2,0 m

d Kha ning chiu luc cu kién (N)
(mm) §-90° g=105° 6=120° §=135° 9=150° 6=165 §=180° 9=195° 6=210° §=225° @=240° 6=255 §=270°

10 60476 59,742 60,037 61,351 63,705 67,145 71,722 66,422 62,449 59,705 58,105 57,602 58,195
20 48,7706 47,866 48,339 50,140 53,408 58,413 65,571 57,342 51,681 47,990 45893 45,187 45,823
30 40,791 39,974 40,528 42,498 46,124 51,892 60,642 50,639 44,214 40212 37,986 37,216 37,809
40 35,098 34,336 34921 36,921 40,653 46,782 56,552 45,434 38,690 34,640 32,429 31,652 32,190
50 30,804 30,101 30,690 32,658 36,375 42,644 53,074 41,249 34421 30,441 28301 27,543 28,030
60 27,450 26,801 27,381 29,280 32,930 39,212 50,065 37,801 31,016 27,159 25,111 24,382 24,824
70 24,756 24,156 24,720 26,557 30,093 36,312 47426 34,904 28233 24,521 22,570 21,874 22,278
80 22,545 21,987 22,533 24,294 27,712 33,826 45,084 32,431 25914 22,353 20,498 19,835 20,206
90 20,696 20,177 20,703 22,390 25,685 31,669 42,988 30,295 23,950 20,539 18,776 18,144 18,488
100 19,129 18,643 19,149 20,764 23,937 29,777 41,098 28,428 22,266 18,998 17,321 16,720 17,039
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Hinh 12. Kha niing chiu luc ciu kién chiu nén-uén  Hinh 13. Kha niing chiu luc ciu kién chiu nén-uén
chifudai L=1,0m chidudai L=2,0m

Nhan xét: Khi d6 léch tam cang 16n thi kha ning chiu luc ctia ciu kién cang giam do md men
dugc tao ra béi tai trong 1éch tAm cang 16n. Mit khac kha ning chiu luc ctia ciu kién chiu nén léch
tAm tao ra md men gay nén ban mép cao hon trung binh 1,03 1an khi md men giy kéo ban mép clia
tiét dién va dat gia tri 16n nhit khi tai trong truc chi gy ra mo men ubn dbi véi truc khode (truc x).

4.3. Biéu dé twong tdc cia cdu kién

Tir két qua trén ta xay dung dudc cdc biéu do tuong tic trong khong gian 3 chiéu theo cac bién
P,-M,-M,,, clia phuong trinh tucng téc (29). Két qua dugc thé hién & Bang 6.

Bang 6. Céc ty sb tinh toan

Ty s6 ti trong Ty s6 m6 men ubn Ty s6 m6 men ubn Ty s6 md men ubn
Chidu dai doc truc P,/P, M /M, M,,/M, (6= 90°) M,y/M, (6 =270°)

Tong thé Cucbd Méo Tongthé Cucbd Méo Tongthé Cucbd Méo Tongthé Cucbd Méo

L=10m 0,493 0,337 0,360 0,599 0,599 0,537 0,599 0,599 0,577 0,599 0,539 0,454
L=20m 0,350 0,269 0,360 0,552 0,552 0,537 0,552 0,599 0,577 0,552 0,539 0,454
L=30m 0,207 0,189 0,360 0,417 0,417 0,537 0,417 0,528 0,577 0,417 0,495 0,454
L=40m 0,125 0,125 0,360 0,261 0,261 0,537 0,261 0,438 0,577 0,261 0436 0,454
L=50m 0,085 0,085 0,360 0,174 0,174 0,537 0,174 0,340 0,577 0,174 0,340 0,454

Két qua thé hién bang biéu do tuong tac  Hinh 14—18.

Pa/Py o Pa/Py
1 Zong;he 1 ¢ Téng thé
0.8 Hene Cuc bd
Méo 0.8 £ uc bo
Méo
.......... PT 29
PT.29
0,537
May/M:
(6=90) Max/My May/My Max/My
(6=270)

Hinh 14. Biéu d6 tuong tic cAu kién dai 1,0 m
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Pa/Py Pa/Py )
L Tbong thé 1 Tong the
0.8 Cuc bd 0.8 Cl{c bd
: Méo Méo
.......... PT. 29 seeseee PT. 29
0,537
May/My
Max/My (6=270) Max/My
Hinh 15. Bi€u do tuong tac cau kién dai 2,0 m
Pa/Py T
1 Tong theé . .
. Tong theé
0.8 | Cuebo 0, Cuc bd
7 Méo ue bo
0,6 F e PT. 29 0, Meéo
PT. 29
0.40,189 0,
0.2 0.
0417 0,417 0417
May My Max/M May/My o " Max/M
(6=90) Y (0=270) y
Hinh 16. Bi€u do tuong tac cau kién dai 3,0 m
Pa/Py Pa/Py .
1 5 e Tong thé 0.6 Téng thé
0.8 Cuc by 0,5 Cuc b
£ g Méo 04 | Méo
K PT.20
657, PT.29
0,125
02"
0261
; 0261
May/My ) May/My ./~ .\ Max/V
(©90) Max/My (©=270) ly
Hinh 17. Bi€u do tuong tac cau kién dai 4,0 m
Pa/Py - Pa/Py
1 Tong the 1 s Téng thé
0s Cuebd 08 | Cuebo
[ Méo Meéo
06 6
B e PT. 29 06 PT.29
May/My May/My .
(0=90) Max/My (6=270) Max/My

Hinh 18. Biéu d6 tuong tic cAu kién dai 5,0 m
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Nhan xét: Cau kién ngan (1,0 m) va céu kién dai trung binh (2,0+3,0 m) bi méat 6n dinh do mét
&n dinh cuc bd va mét &n dinh méo; ciu kién dai (4,0+5,0 m) bi mit 6n dinh do mét 8n dinh tong thé.

5. Két luan

Dua trén két qua nghién cifu, nhém tac gia dua ra mot s két luan sau:

- Viéc st dung phuong phap phan tich truc tiép trong thiét ké cAu kién thép tao hinh ngudi chiu
nén-udn theo Tiéu chuin My AISI S100-16 [4], véi su hd trg ctia phan mém CUFSM trong phan tich
mét 6n dinh cda tiét dién rat can thiét va thiét thuc phuc vu cong tic nghién ciu, thiét ké két cu.
Céc vi du tinh toan dudc dua ra d€ xdc dinh kha ning chiu luc ctia ciu kién thép tao hinh ngudi chiu
nén-ubn cé chiéu dai khac nhau. Két qué tinh todn bang giai tich dugc so sanh vdi két qua tinh toan
bing phuong phap sb khi st dung phin mém CUFSM dé danh gia do tin cy ciia phuong phap sb.
Mt khdc, viéc 4p dung phan mém CUFSM dé€ tinh todn dic trung hinh hoc va 6n dinh cAu kién thép
tao hinh nguoi sé tao ra su thay d6i 16n vé cong cu tinh todn, dem lai nhiéu 1¢i ich, thuin tién cho viéc
nghién cu va cho thuc hanh thiét k& két cAu cong trinh, dic biét khi 4p dung tinh todn cho cic ciu
kién chiu nén-udn.

- Khao st anh hudng ctia tai trong nén doc truc léch tim trén tiét dién vé6i cau kién c6 chiéu dai
khéc nhau ta thiy riang khi d6 1éch tim cang 16n thi kha ning chiu luc clia ciu kién cang giam do mo
men dudc tao ra bdi tai trong dit 1éch tim cang 16n. Mit khac kha ning chiu luc ctia ciu kién chiu
nén-uén ma c6 md6 men gy nén ban mép cao hon trung binh 1,03 1an khi c6 md men giy kéo ban
mép cuia tiét dién va dat gia tri 16n nhét khi tai trong truc chi gy ra mo men ubn dbi véi truc khoe
(truc x). Cau kién ngan (1,0 m) va céu kién c6 chiéu dai trung binh (2,0+3,0 m) c6 xu huéng bi mét
&n dinh do mét 6n dinh cuc bo va mat 6n dinh méo; cau kién dai (4,0+6,0 m) c6 xu huéng bi mét 6n
dinh do mit &n dinh tng thé.
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